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For standard capacitor configurations, the capacitance of a structure is 
determined according to the following formula: 

C = (kA)/t , where k is the dielectric constant of the dielectric material, A is 
the overlapping area between the electrodes, and t is the thickness of the dielectric, as 
shown in FIG. 7. Note that in FIG. 7, the dielectric area A and the electrode area A 
are presumed to be the same, but in practice the dielectric is usually made larger to 
ensure that the electrode layers do not touch. Thus, by changing the dielectric 
material, the capacitance value may be changed. FIG. 6 illustrates an SLCC in which 
a different dielectric is used, in order to change the capacitance. Instead of using a 
dielectric paste, the dielectric may be formed from a high firing temperature ceramic 
tape (1 100 - 1400° C). The high temperature tape 66 is fired separately, and then 
placed on the first electrode 72. The dielectric constant of the high temperature tape 
66 is several orders of magnitude greater (k = 20 - 20,000) than the dielectric constant 
of the standard tape (k = 7 - 8) used to form the layers 62, 64. Standard tape 68,70 
may be used around the dielectric to provide a constant thickness between the main 
layers 62, 64. 

Two articles which discuss LTCC technology include "Characterization and 
Performance Prediction for Integral Capacitors in Low Temperature Co-Fired 
Ceramic Technology," Delaney et al., IEEE Transactions on Advanced Packaging . 
Vol. 22, No. 1, February 1999, pgs. 68 - 77; and "Characteristics of the Electrical 
Performance of Buried Capacitors and Resistors in Low Temperature Co-Fired 
(LTCC) Ceramic," Delaney et al., 1998 Electronic Components and Technology 
Conference, pgs. 900 - 908, the disclosures of which are herein incorporated by 
reference. While these articles seek to address the problem of providing capacitors 
with increased capacitance, the capacitors are still confined to being formed within a 
single layer of ceramic tape. The disclosed processes cannot make high capacitance 
capacitors and they require numerous types of dielectric materials in order to create 
different capacitances. 

Since there is a practical limit to the dielectric constant that can be achieved, 
single layer capacitors do not provide sufficient capacitance within a reasonable area, 
for many applications. Thus, for high value capacitances, external capacitors are 
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